Objectives. This study examines the relationship between prior living arrangements and average activities of daily living (ADL) function upon nursing home admission across two states.
'T'HERE is evidence showing that those who live alone are at A an increased risk of nursing home institutionalization when compared with those who live with others (Rudberg, Sager, & Zhang, 1996) . Most likely this is due to the lesser availability of informal, in-home support for those who live alone. Studies have shown that an individual's housing partner, often a spouse, can provide instrumental psychological and physical support allowing an individual to recover from an illness at home instead of at an institution (Gordon & Rosenthal, 1995; Rubenstein et al., 1984) . The support given by in-home caregivers appears to be more successful in preventing institutionalization than the support given by nonresident family and acquaintances (Kohen, 1983; Perry & Johnson, 1994; Stoller & Earl, 1983) .
Because those who live alone are at an increased risk of institutionalization, they may be more likely to enter the nursing home with fewer disabilities than those who live with others. Indeed, those who live alone may be less likely to have in-home support that allows them to remain at home, with higher levels of disability when compared with those who live with others. This may be influenced by state-level effects, such as publicly provided home care programs that allow older persons with increasing levels of disability to live at home. Those who live alone seem to substitute professional services for the care that those who live with others receive from their in-home caregivers (Cafferata, 1987; Iliffe et al., 1992) . In contrast, those who live with others use professional services to supplement, rather than replace, the care they receive from their in-home caregivers. As such, caregiver burnout and consequent institutionalization of those who live with others may not be greatly delayed by professional support (Hanley, Wiener, & Harris, 1991; Noelker & Bass, 1989) . Hence, the marginal impact of state-level effects on disability levels upon nursing home entry is likely to be greater among those who live alone than among those who live with others.
Although there has been much research indicating that living arrangements and formal services can affect the likelihood that someone enters a nursing home, little research has been conducted on how riving arrangements and state-level effects interact to affect the average functional characteristics of older persons upon nursing home admission. This present ecological study provides a preliminary examination of how living arrangements and state of residence interact to affect the level of disability with which an individual enters the nursing home. We compared the nursing home admission characteristics of those who received Medicaid in two states with disparate public spending on long-term and home health care services. Given the findings in the literature, this article examines two hypotheses: Hypothesis 1: Older persons who live alone enter a nursing home with better activities of daily living (ADL) function than those who live with others. Hypothesis 2: The magnitude of the difference in function between Medicaid recipients who live alone and Medicaid recipients who live with others varies across states.
METHODS
In order to test the hypotheses, we used the 1993-1994 Minimum Data Set Plus (MDS+) from two U.S. states, labeled State A and State B. The MDS+ is an expanded version of the Minimum Data Set (MDS), created through a Health Care Financing Administration (HCFA) demonstration project in five states. Although the MDS+ is a clinical assessment instrument, it has also been validated for research and contains much unique and clinically important information that deals with function and quality of life (Blaum, O'Neill, Clements, Fries, & Fiatarone, 1997; Casten, Lawton, Parmalee, & Kleban, 1998; Frederiksen, Tariot, & De Jonghe, 1996; Hawes et al., 1995; Lawton et al., 1998; Phillips, Chu, Morris, & Hawes, 1993 (Hardwick, Pack, Donohoe, & Aleksa, 1994) .
We conducted all analyses with SAS. We used t tests and chi-square tests to determine whether the two samples had significantly different unadjusted characteristics upon admission. We used multivariate, ordinary, least squares regressions to test hypotheses and to control for confounders. Because the racial composition of the states differed so much (there were just seven Blacks in State A), we compared our results with a similar ordinary least squares analysis that included only white residents to control for any unobserved racial confounding.
We included all of those in the sample who were over 65 years old, had an initial assessment in our 1993-1994 data sample, were admitted from home or a hospital, and were not comatose. This allowed us to examine institutionalization among older persons likely to have lived in the community shortly before admission to the nursing home and those likely to be able to live at home with in-home support.
Our data set consisted of 20,587 individuals over the age of 65 in the two states. Of these, 13,827 were excluded because they did not enter the nursing home with Medicaid reimbursement. Of the remaining 6,760, 1,556 were excluded because they did not enter the nursing home from home or a hospital, and 24 were excluded because they were comatose. This left us with a potential sample of 5,180. The sample shrank to 4,837 (93% of total) when excluding persons who had missing or inconsistent information in the response, predictor, or assessment variables. The majority of those exclusions (210 out of 343) were due to missing insurance status information. It is likely that many of these would be excluded from the study anyway, had their insurance status been known.
Dependent Variable
The response variable of interest was an individual's physical function. To measure this, we created a variable summing the number of ADL limitations an individual had. Information on seven ADL categories are elicited in the MDS+, including a resident's bed mobility, transfer, locomotion, dressing, eating, toilet use, and personal hygiene. Response categories fall into five levels with a score of zero signifying that the resident is completely independent, and a score of four indicating that a resident needs "full staff performance of activity during entire seven days." A sixth level was added to some versions of the MDS+ assessment, indicating that the individual did not perform the activity at all in the past seven days. We considered someone as having a limitation if they were not fully independent (did not have a score of zero) in an ADL. The MDS+ from the years included in this study only elicited one response for each ADL. Subsequent MDS instruments elicited multiple responses for some ADLs, such as locomotion ability on and off the nursing home unit.
In order to ensure that our results were not dependent on the choice of ADL limitations used, we repeated the analyses with each of the 127 possible combinations of the seven ADL limitations that use between one and seven ADLs in the definition. In these sensitivity analyses, we used ordinal logistic regressions, instead of OLS regressions, to account for the reduction in the span of our discrete response variable.
Independent Variables
The predictor variables of study interest included a dummy variable for living alone prior to being institutionalized and a dummy variable for state of residence. Given our hypotheses, we expected that the living alone variable would show a negative relationship such that those who live alone enter the nursing home with fewer ADL limitations than those who live with others. We expected that residing in state A would be associated with having more ADL limitations because community and home care programs in state A that may delay institutionalization may also increase the average level of disability upon nursing home entry.
We also included an interaction term for living alone and residing in state A. The interaction variable is the product of the dummy variable for living alone and the dummy variable for state of residence and can measure whether state-level associations with resident functional characteristics affect differentially those who live alone. As discussed in our hypotheses, we believed that the extra Medicaid community programs available in state A would have a greater marginal effect on those who live alone. The differential association of living alone and being a resident in state A can be measured directly from the parameter estimate for the interaction variable. Hence, we expected that the interaction variable would show that living alone in state A is associated with entering the nursing home with more ADL limitations.
We also included independent variables that might be correlated with the variables of interest and the dependent variables: age, sex, partial Medicare reimbursement for the nursing home stay, race, admission from a hospital, and cognitive function. All variables were coded as dummy variables to ease the interpretability of the results and acknowledge that the incremental steps in the ordinal and continuous variables might not be proportional. Age, in particular, was split into three levels (65-74, 75-84, and 85+) using 65 to 74 as the reference variable in the model. Control variables for cognitive function, based on the previously validated MDS Cognitive Performance Scale (Morris et al., 1994) , were included to make sure that our results measured the association of the independent variables on ADL limitations, not cognitive status. In order to make the MDS Cognitive Performance Scale scores more clinically interpretable, we collapsed the variable into three levels with: a 0 relating to intact or borderline intact mental function (scores of 0 or 1 on the MDS Cognitive Performance Scale), a 1 relating to mild to moderately severe cognitive impairment (scores of 2 to 4 on the MDS Cognitive Performance Scale), and a 2 relating to severe or very severe dementia (scores of 5 or 6 on the MDS Cognitive Performance Scale). The predictor variables have been found to be correlated with ADL limitations and as such, were possible confounders that needed to be included in the model (Barer, 1994; Crimmins, Hay ward, & Saito, 1996; Ferrucci et al., 1996; Rudberg et al., 1996; Silverstein & Waite, 1993; Stegbauer, Engle, & Graney, 1995) .
RESULTS
As shown in Table 1 , nursing home residents differed between the two states in several ways. More older persons in state A lived alone before initial nursing home admission than in state B. Those in state A entered the nursing home with a greater number of ADL limitations and poorer cognitive function than those in state B. Although the age and sex distributions were significantly different, the actual differences were small. The majority of the sample was White, with one fifth of the state B sample being Black. Finally, more persons in state B were likely to have their nursing home costs reimbursed by Medicare.
As shown in the regression results in Table 2 , the oldest-old (85+) had 0.26 more ADL limitations than those 65 to 75 years old (p < .001). There was not a significant difference in the number of ADL limitations between those 75 to 84 years old and the 65 to 74 year age group. Men did not have a significantly different number of ADL limitations than women. Being Black was associated with having 0.44 more ADL limitations (p < .001), and being admitted from a hospital was associated with entering with 1.11 more ADL limitations (p < .001). Cognitive impairment was associated with having more ADL limitations than those without cognitive impairment. Our model indicates that those with moderate cognitive impairment had A comparison of our results with an analysis that included only White residents (results not shown) found that the direction and significance of our results did not change when examining only White residents. In sensitivity analyses with the 127 possible combinations of the seven ADL variables, the direction of the three outcome variables of interest-living arrangements, state of residence, and their interaction-were the same in all ordinal logistic results. The three variables were significant (p < .05) when the response variable included all seven ADLs. The likelihood that at least one of the three variables of interest was not significant at the p = .10 level increased progressively, with 14% of the analyses that used six of the seven ADL functions in the definition of the response variable having at least one that was not significant, 24% of the analyses that used five, and 40% of the analyses that used four. Of the three variables, the interaction term was the most likely not to be significant in the sensitivity analyses. T tests were used to compare means; x 2 tests were used to compare proportions. *p < .05, **p < .01, ***p < .001 Table 2 (Guralnik et al., 1993) . In addition, being Black is associated with having more ADL limitations upon admission. This is consistent with previous findings that Blacks often have worse health and functional status than Whites (Flack et al., 1995; Jamerson, 1993; Kington & Smith, 1997) . Being admitted from a hospital is associated with entering the nursing home with more ADL limitations, suggesting that those who require hospitalization prior to nursing home admission may have more severe acute care needs than those who enter the nursing home from home. Having partial Medicare reimbursement for the nursing home is significantly related to entering the nursing home with more ADL limitations. This may be due to the fact that Medicare generally restricts nursing home reimbursement to those with skilled needs. Those with chronic conditions, such as progressive, yet less severe, ADL functional limitations may not be able to receive Medicare reimbursement for nursing home costs. Finally, the positive correlation between cognitive impairment and functional impairment is consistent with previous studies that have found an association between cognitive and ADL functional decline (CohenMansfield, Werner, & Reisberg, 1995) .
The above findings suggest that those who live alone enter the nursing home with better function than those who live with others, but that state characteristics may be able to reduce this difference. The findings suggest that states may be able to narrow the gap in ADL function upon admission between those who live alone and those who live with others, perhaps through Medicaid home and community care services. Our findings concerning the state level differences in admission characteristics are all the more remarkable given that a greater proportion of older persons in state B have disabilities (Hardwick et al., 1994) . It is possible that nursing homes in state B are selectively admitting healthier patients because they are more profitable (Nyman, 1989) . However, this is unlikely as occupancy rates in both states were similarly high during the study period, suggesting that supply is sufficiently restricted in both states for nursing homes to be able to selectively admit patients. Further, it is not as clear how Medicaid reimbursed individuals who live alone would be differentially affected by such nursing home cream skimming. Instead it seems more likely that factors that allow older Medicaid recipients to remain in the community with greater levels of disability, such as home care services, cause the state differential in nursing home characteristics, particularly with respect to those who live alone.
There are limitations to our study. This was an ecological study in which we chose the states because of their disparate Medicaid spending on home and community care services. However, we can not definitively isolate home and community care services as being primarily responsible for affecting nursing home admission characteristics across the states. Other possible effects, such as cultural characteristics or person-level effects, might account for some of these differences. Still, the comprehensiveness of our data and uniqueness of our cross-state comparison strengthen the validity and importance of our findings.
Another limitation to our study was that not all definitions of ADL limitations in our sensitivity analyses produced statistically significant results among the three independent variables of interest. However, the likelihood of finding nonsignificant results decreased as the number of different ADL limitations summed in the response variable increased. This suggests that analyses that use a greater number of ADLs might be more sensitive at discerning differences in functional ability.
The findings in this study highlight the need for more research into identifying state-level effects that can affect resident characteristics upon admission to the nursing home. Such findings can better help researchers and policymakers calculate the true costs and benefits of state-provided services. For example, since caring for individuals with greater levels of disability may be more expensive for nursing homes, any state-funded programs that increase average disability levels of nursing home residents may also raise average costs of state-reimbursed nursing home stays. This may be a heretofore unexpected cost of public home and community care programs. Future research can help us better understand such causes and effects.
